The overall dimensions of the carotid sinus, the thicknesses of the individual layers within its wall, and the tissue composition of the tunica media were measured on histological sections of the carotid bifurcation fixed in vivo in anesthetized dogs, cats, and rabbits. The outstanding dimensional features of the carotid sinus as compared to the adjoining carotid segments are its thinned media-intima layer and increased ratio of internal radius to media-intima thickness. These differences carry a high level of significance statistically. There appears to be no marked increase in the ratio of radius to whole-wall thickness in the sinus portion of the carotid tree. The tunica media in the carotid sinus wall contains more than twice as much elastic tissue per unit volume (mean value 62.3% elasrin) as the media in the carotid vessels adjoining the sinus; reciprocally, smooth muscle constitutes 16.4% of the tunica media in the sinus wall but approximately 50!S or more of the media in the common, internal, and external carotid arteries caudal and cranial to the sinus (mean values in percent of total volume). Results are discussed in relation to the position of the baroreceptors within the sinus wall and mechanisms of stimulating them. • Because the carotid sinus baroreceptors are stimulated by mechanical events within the sinus arterial wall rather than by intracarotid pressure changes per se (1-3), the physical characteristics of the carotid sinus arterial region are of considerable importance in initiation of the baroreceptor impulse. The factors affecting the mechanical properties of an arterial segment and the extent to which its wall stretches with each cardiac cycle include the geometry of the vessel (internal radius and wall thickness) and the stiffness of the wall material itself (3). To a large extent the wall stiffness depends in turn on the tissue composition of the arterial wall (4). In Dr. Rees's present address is Vancouver General Hospital, Vancouver 9, B. C, Canada.
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• Because the carotid sinus baroreceptors are stimulated by mechanical events within the sinus arterial wall rather than by intracarotid pressure changes per se (1) (2) (3) , the physical characteristics of the carotid sinus arterial region are of considerable importance in initiation of the baroreceptor impulse. The factors affecting the mechanical properties of an arterial segment and the extent to which its wall stretches with each cardiac cycle include the geometry of the vessel (internal radius and wall thickness) and the stiffness of the wall material itself (3) . To a large extent the wall stiffness depends in turn on the tissue composition of the arterial wall (4) . In investigations into the anatomy and histology of the carotid sinus (5) (6) (7) (8) (9) (10) (11) (12) (13) , there has been disagreement on whether the sinus wall is specialized in its dimensions and tissue composition. The conclusions of these workers were based on the subjective examination of tissue sections, without measurements; moreover, the arterial specimens obtained were removed from the neck before fixation, an event which inevitably results in retraction and distortion of the arterial tissues. In the present investigation, an attempt was made to resolve some of these difficulties by fixing the carotid arteries in situ with the circulation intact, followed by objective measurement of the wall dimensions and wall composition in the carotid sinus baroreceptor area.
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pentobarbital given intravenously or intraperitoneally (30 mg in 0.5 ml/ kg body weight, Veterinary Nembutal, Abbott Laboratories, Ltd.), and the carotid vessels were widely exposed on both sides. The carotid sheath was then opened and the carotid bifurcations fixed in situ, with the circulation intact, by dropping 5% glutaraldehyde fixative onto the outside of the carotid arteries. Fresh fixative was added at half-minute intervals for 20 minutes, by which time the vessels were pulseless and stiff to the touch. Glutaraldehyde was chosen for fixation because it is widely used in electron microscopy as a primary fixative that provides optimal preservation of tissue structure and relationships. After the fixation period the carotid bifurcations were removed for microscopy and measurements. When excised the arteries showed no visible longitudinal retraction nor visible radial collapse, and blood within the carotid lumen was fixed into a cohesive mass.
The desirability of fixing die arteries in situ before measuring their dimensions was tested by comparing this technique with that of fixing the specimens after their removal from the neck. The carotid vessels fixed in situ showed no visible dimensional change on excision; arteries taken unfixed from the opposite side of the neck showed a 40 to 50!£ shortening on removal. In subsequent histological sections prepared in an identical manner, the retracted and subsequently fixed vessels showed smaller internal radii and thicker walls than the contralateral arteries fixed in situ (Fig. 1) . The dimensions of six measured sections from each artery in three rabbits were:
Phase fall in mean femoral arterial pressure of less than 25 mm Hg (the initial mean femoral pressures ranged from 75 to 105 mm Hg). Near the end of the 20 minutes a further but less marked fall in heart rate and mean femoral pressure occurred. Despite these consistent fluctuations, the heart rate and the femoral arterial pressures remained within physiological limits throughout the fixation period.
Preparation of Tissues, and Measurements.-After fixation in situ, short vessel lengths from the excised carotid trees were selected for measurement from the widest point on the carotid sinus
Retracted vessels Fixed in situ
Carotid sinus Common carotid r = internal radius,
.367 ± 6 5 30 ± 3 520 ±12 19 ± 3 450 ± 92 84 ± 9 785 ± 69 47 ± 6 =: thickness of media-intima (numbers are mean ± SD in microns). The differences between the two series were statistically significant (P < 0.01 or <0.05). Further histological examination of the two groups of tissues by light and electron microscopy also showed differences in wall architecture between the two arterial groups. In the vessels fixed in situ, the elastic lamellae were straight and not folded; in the retracted specimens they were irregular and wrinkled and the intercellular spaces wide and distorted.
In three dogs, the heart rate and the femoral intra-arterial pressures were continuously measured during the 20-minute in-vivo fixation period to determine the effects on the systemic circulation of stimulating or inactivating the carotid baroreceptors and tiie neighboring vagal and sympathetic trunks during local application of fixative solution. At first the heart rate slowed by an average of 18 beats/min, accompanied by a dilatation and from specified parts of the common, internal and external carotid arteries. These specified sites were 5 mm away from the upper and lower limits of the sinus dilatation in each case, as shown by the shaded areas in Figure  2 . Any loose tags of fat and connective tissue attached to the outsides of the vessels were removed. The arterial samples were processed for sectioning in two groups. One group was prepared for optical microscopy for measurement of arterial geometry, and the other processed for electron microscopy for measurement of wall composition.
All histological sectioning was performed at right angles to the long axes of the vessels. The arterial segments for optical microscopy were embedded in gelatin, and six frozen cross sections were cut from each. The vascular dimensions were subsequently measured in a calibrated phase-contrast microscope; they were internal radius, whole-wall thickness, and the individual thicknesses of the adventitia and die combined media and intima layer. In a given arterial cross section, die latter was measured at the thinnest point around the wall circumference. Due to the wide variation in die thickness of die adventitia in the different parts of a single cross section, adventitial diickness was taken as the mean of the maximum and minimum values around die wall circumference. Extra measurements of adventitial diickness, made at intermediate points between die areas of maximal and minimal diickness, made no appreciable difference in the final values. The adventitia was defined clearly as that part of die wall between external elastic lamina and die vessel exterior. The whole-wall diickness in a given arterial cross section was reached by adding the thicknesses of the media-intima and the adventitia.
The arterial specimens used for assessing wall composition were processed for electron microscopy by additional fixation in osmium tetroxide and embedding in methacrylate plastic. Ultrathin E.C. C.C. transverse sections of the whole arterial wall were cut on a Huxley (Cambridge) ultramicrotome, then stained with 0.5% phosphotungstic acid. Electron micrographs of the tunica media were prepared and measured for elastin and smoodi muscle content, using a mediod described by Loud (14) for estimating die relative areas in a tissue occupied by its different components. In principle this involves placing parallel sampling lines across an electron micrograph in such a way diat die lengdi of line crossing a tissue component can be measured and expressed as a proportion or percent of die lengdi of the sampling line as a whole. By diis mediod the proportions of the components present are evaluated independent of dieir shape and distribution. Using a large tissue sample, die measured quantity in percent of total area also expresses the three-dimensional properties of the tissue in percent of total volume (14) . In die present series, areas of the carotid tunica media were photographed in die electron microscope at a standard screen magnification of 1500 X and printed on 10 by 8 inch photographic paper to a final magnification of 4500 X. This magnification was sufficientiy great to permit accurate measurement of muscle and elastin profiles, and was also low enough to include a sizable sample of the tunica media in a single micrograph (each field encompassing more than one-half die diickness of the media). The measurements were obtained from 24 different electron micrographs of each arterial site in material from die cat, using an improved sampling apparatus recently devised by Findlay and Brown (15) . The relative proportions of elastin and muscle in die different parts of die carotid tree (tunica media) were thereby described. The remaining length of sampling line not overlying muscle or elastin measured the residual extracellular space (containing collagen). The statistical results were checked in an S.T.C. (Zebra) computer.
Results
The dimensions of rabbit, dog, and cat carotid arteries and sinuses as measured on arteries fixed in vivo are given in Tables 1 and  2 . Values for the carotid sinus were individually compared with values for the common, internal, and external carotid arteries by ttests. Table 1 gives the gross vascular dimensions in the different parts of the carotid tree, namely the mean internal radii (r) and the whole-wall thickness values (ht), together with the ratios r/h t . Dimensional values are not given in Table 1 for the internal carotid (16) , although the wall retains the normal histological structure of a large muscular artery (17) . The occlusion is not an artifact of fixation, but marks the regression of the internal carotid artery in the cat (18) . The lumen of the internal carotid artery is also very narrow, though patent, in the dog.
The whole-wall thicknesses (h t ) are of similar magnitude in all parts of the carotid tree (P>0.2) ( Table 1 ). The internal radius (r) and the ratio of radius to whole-wall thickness (r/h t ) are greater at the carotid sinus than in the internal carotid artery cranial to the sinus (P<0.001) but at the sinus and in the common and external carotid arteries their magnitude is similar (Table 1) . Table 2 shows the individual mean thicknesses of the adventitia and the media-intima layer in the different regions of the carotid bifurcation. There was no significant difference between the adventitial thickness (h 2 ) of the sinus and other parts of the carotid tree (P>0.2). However the media-intima layer (hi) is two to three times thinner in the carotid sinus wall than elsewhere in the carotid tree, the differences being highly significant statistically (P < 0.001 for each paired comparison). Moreover, the ratios of radius to media-intima thickness (r/hj) at the carotid sinus of 29.0 (cat), 20.8 (dog), and 27.1 (rabbit) are very much greater than those in the other parts of the carotid bifurcation region (P < 0.001 for each comparison). In summary, the outstanding dimen- Each number is a mean of measurements from carotid trees ( ± SD).
sional features of the carotid sinus are its thinned media-intima layer and increased ratio of internal radius to media-intima thickness.
The relative proportions of elastin, smooth muscle, and residual extracellular space in the carotid tunica media of the cat, as measured from electron micrographs, are shown in Table 3 . The results demonstrate that the tunica media of the carotid sinus wall contains only small amounts of smooth muscle but has a high elastin content. The media of the sinus contains more than twice as much elastic tissue per unit area (mean 62.3% elastin) as the media in the vessels confluent with the sinus, and whereas muscle constitutes approximately 50% or more of the media in the common, internal, and external carotid arteries, it constitutes only 16.4% of the tunica media in the sinus wall (mean values). Individually paired f-tests of elastin and muscle content of sinus compared to other parts of the carotid tree are all statistically significant (P<0.001). The descriptive architecture of the carotid arterial walls, as seen with the electron microscope, is considered elsewhere (17) .
Discussion
The present work was designed to reinvestigate whether the arterial wall of the carotid sinus shows any morphological specialization, a factor of some importance in relation to the CircsUnon Ruttrcb, Vol. XXVI, April 1970 mechanical properties of the baroreceptors in the arterial wall and the initiation of impulses from the receptors. Early histological work on mammalian carotid sinuses by de Castro (5), together with further studies by later investigators (6, 7), suggested that the sinus arterial wall contains little smooth muscle and especially large amounts of elastic tissue. But these observations were not confirmed in other histological studies on the carotid sinus (8, 9) , and Landgren (9) even suggested that the sinus wall contains more smooth muscle than the adjoining carotid segments. There is also divergence of opinion on whether the wall dimensions are specialized at the carotid sinus. Thinning of the whole wall has been reported by some (5, 10) but denied by others (11, 12) , and there is also disagreement on whether the tunica media is thinned (5) (6) (7) (8) , and whether the adventitial coat is thickened at the sinus (5, 10) or is thinner than elsewhere along the carotid tree (13) . There are at least two major reasons to account for the divergence of opinion on arterial wall specialization in the carotid sinus region: (1) that in previous investigations the arterial dimensions and wall composition have not been measured, and conclusions have been based on the hazardous procedure of qualitative histological examination alone; (2) that the arterial specimens obtained in previous studies were removed from the neck before fixation, an event which produces marked retraction of the vessels and changes in tissue relationships and wall thicknesses (see Methods).
Before measuring the carotid arterial dimensions and wall composition in the present investigation, two different techniques were considered for preserving, as far as possible, the in-situ dimensions of the carotid vessels. The first method involves stretching out a fresh excised artery to its in-situ length, followed by distention of the vessel at a known pressure and immersion of the whole into fixative solution. Although this method has the advantage of control over the distending pressure, the vessel is subjected to unnatural stresses and to possible morphologi-
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cal derangement in the retraction and restretching sequence. In the second technique, which was finally adopted, the vessels were fixed in vivo with the circulation intact, by dropping fixative solution onto the outside of the arteries. Using this method there was no shortening nor visible collapse when the carotid vessels were excised. We believe that physiological conditions were approximated at the time of fixation, on the evidence of the changes in heart rate and femoral arterial pressure that occurred in the fixation process (see Methods).
With the method described, we were unable to confirm by measurement that the carotid sinus shows any modification in whole-wall thickness (5, 10) and adventitial thickness (5, 10, 13) relative to other parts of the carotid tree. The outstanding dimensional features of the carotid sinus revealed in the present series of measurements are a marked thinning of the media-intima layer of the sinus wall and an increased ratio of internal radius to mediaintima thickness. Moreover, measurements employing the superior resolution of the electron microscope show that the sinus wall does have a significantly increased elastic tissue content and a significantly reduced smooth muscle component, relative to other vessels in the carotid bifurcation region.
It is tempting to speculate on the possible functional significance of the wall specializations shown at the carotid sinus. It was already known from evidence obtained on living, intact arteries (19) that the carotid sinus is more distensible than other large arterial vessels. Electron microscopy of the carotid sinus shows that the baroreceptor nerve terminals are situated along the mediaadventitial border and also in the deep parts of the adventitia of the sinus wall (20, 21) . However, since there is a marked thinning of the sinus media-intima layer, which is as little as 10/x wide in the rabbit, the baroreceptors are placed close to the sinus lumen despite their adventitial position. It might be argued, on teleological grounds, that the proximity of the baroreceptors to the distending blood pressure favors their stimulation, and that the thinning of the media-intima layer is a structural adaptation to augment initiation of baroreceptor impulses. But it is difficult at present to relate the position of the receptors within the wall to their stimulation by mechanical deformation (i.e., strain), since techniques are not yet available for measuring the distribution of mechanical strains across the vascular wall thickness. Theoretical computation of the forces acting in a vessel wall may provide some insight into this problem. If the arterial wall is considered simply as an inner, distensible coat (the media-intima layer) covered by an outer, restricting jacket (the adventitia) after Remington (22) , our own theoretical analyses (unpublished) suggest that the circumferential wall strain diminishes progressively with distance from the vessel lumen, when the wall is behaving passively. This may suggest that the thinning of the media-intima layer of the sinus wall assumes some special importance in baroreceptor stimulation. Whether the high elastic tissue content of the sinus media is similarly related to baroreceptor function or is associated in some way with the thinning of the media-intima layer is even more difficult to assess.
